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Initial draft 2010

First revision and beyondFirst revision and beyond
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EscherichaEschericha coli metabolic networkcoli metabolic network

Vallabhajosyula et al. Bioinformatics 2006 22:346-353Ouzounis et al. Genome Res. 2000. 10: 568-576
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Flux balance analysisFlux balance analysis


 
OptimiseOptimise a specific property: typically biomass a specific property: typically biomass 
productionproduction


 

Constrained by the Constrained by the stoichiometrystoichiometry (N)(N)

Maximize
biomass

Subject to
NJ = 0

With bounds
0  <= Jirrev <= inf

-inf <= Jrev <= inf
l.b <= Jn <= u.b

Jb

Ja

Jc
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11stst ideas ideas KarthikKarthik Raman 2005Raman 2005
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Genome scale modelsGenome scale models



 

BiGG database / COBRA


 

uses SBML L2
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Genome reconstructions 2009Genome reconstructions 2009

BiGGBiGG database (http://database (http://bigg.ucsd.edubigg.ucsd.edu/) 10 /) 10 GSRGSR’’ss (COBRA)(COBRA)

Available reconstructions (all formats): 55+ **Available reconstructions (all formats): 55+ **

** ** A.M. Feist, M.J. Herrgard, I. Thiele, J.L. Reed, B.Ø. Palsson Nat. Rev. Microbiol. 2009 Feb;7(2):129-43.

Nature Biotechnology 28 (9) , pp 977–982, September 2010

20102010
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SBMLSBML33 FBAFBA


 
Extends SBML by adding classes for Extends SBML by adding classes for flux boundsflux bounds and and 
objective functionsobjective functions


 

Implemented as an Implemented as an SBML L2V4SBML L2V4 annotation annotation 

Bergmann, Frank and Olivier, Brett. (2010)  Bergmann, Frank and Olivier, Brett. (2010)  SBML Level 3 Package Proposal: Flux.SBML Level 3 Package Proposal: Flux.
Nature Nature PrecedingsPrecedings <http://dx.doi.org/10.1038/npre.2010.4236.1><http://dx.doi.org/10.1038/npre.2010.4236.1>
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SBMLSBML33 FBAFBA


 
ImplementedImplemented as SBML L2 extension :as SBML L2 extension :



 
Systems Biology Systems Biology WorkBenchWorkBench ((www.syswww.sys--bio.orgbio.org))



 
PyscesCBMPyscesCBM ((pysces.sourceforge.netpysces.sourceforge.net))



 
ConverterToolConverterTool (Converts (Converts BiGGBiGG/COBRA into L2 + FBA /COBRA into L2 + FBA 
extension)extension)
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Flux BoundsFlux Bounds

<listOfFluxBounds>

<fluxBound id="fb1" reaction="Glc_in" 
operation="lessEqual" value="10"/>

<fluxBound id="fb2" reaction="R_HEX1" 
operation="greaterEqual" value="0"/>

</listOfFluxBounds>

Bounds a model flux (SBML reaction) with a value.Bounds a model flux (SBML reaction) with a value.
Multiple bounds on single reaction possible.Multiple bounds on single reaction possible.
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Objective functionObjective function

<listOfObjectives activeObjective="ObjFun1">

<objective id="ObjFun1“ type="maximize">
<listOfFluxes>

<fluxObjective reaction="PFK“ coefficient="1"/>

</listOfFluxes>
</objective>

</listOfObjectives>

Defines one or more optimization targets.Defines one or more optimization targets.
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Extended speciesExtended species

<species id="glc" 
name="D-Glucose“
compartment="Cytosol“
fba:chemicalEquation=“C6H12O6“
fba:charge="0“>
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

 
First draft captured the basic First draft captured the basic model structuremodel structure but did not but did not 
deal with annotation.deal with annotation.



 
Simply left Simply left COBRA COBRA annotation as is: a reaction <note>annotation as is: a reaction <note>



 
Most important is Most important is GENE ASSOCIATIONGENE ASSOCIATION

<notes>
<html:p>Confidence Level: 0</html:p>
<html:p>SUBSYSTEM: Glycolysis/Gluconeogenesis</html:p>
<html:p>GENE ASSOCIATION: (b3916) or (b1723)</html:p>
…
</notes>
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Species annotationSpecies annotation

<species metaid="atp" id="atp" name="ATP_C10H12N5O13P3" 
compartment="Cytosol" initialConcentration="1" 
boundaryCondition="true" fba:charge="-4">

<annotation>
<rdf:RDF>

<rdf:Description rdf:about="#atp">
<bqbiol:is>

<rdf:Bag>
<rdf:li 

rdf:resource="urn:miriam:obo.chebi:CHEBI%3A30616"/>
</rdf:Bag>

</bqbiol:is>
</rdf:Description>

</rdf:RDF>        
</annotation>

</species>

chemicalEquationchemicalEquation replaced with a CHEBI annotationreplaced with a CHEBI annotation
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Gene associationGene association

<listOfGeneAssociations> 
<geneAssociation id="ga3" reaction="R_PFK">

<association>
<and>

<gene>b3916</gene>
<gene>b1723</gene>

</and>
</association>

</geneAssociation>
</listOfGeneAssociations>
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
 

Add Add genesgenes to model as boundary to model as boundary species species with properwith proper 
MIRIAM annotationMIRIAM annotation


 

Add a Add a listOfGeneAssociationslistOfGeneAssociations to FBAto FBA
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Open questions / issuesOpen questions / issues


 

Now reformat and upload proposal onto Now reformat and upload proposal onto sbml.orgsbml.org


 

fluxBoundsfluxBounds or something more general?or something more general?


 

Objective functionObjective function and and SEDSED--MLML


 

The best way to deal with The best way to deal with gene associationgene association??


 

Anything else Anything else …… ??
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